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. Sivak, Olson, Kewman, Won, and Henson (1981a) have shown that driving performance of persons with brain damage is directly related to the extent of their perceptual' impairment. Specifically, persons with brain damage who scored well on certain perceptual tests tended to show good driving performance as well.
Furthermore, the results of analyses of covariance were consistent with the conjecture that the driving-related problems encountered by some of the persons with brain damage were due primarily to impaired perceptual skills, These findings suggest that therapeutic techniques capable of improving the impaired perceptual skills might improve driving performance as well. This hypothesis received tentative support from a pilot study (Sivak, Hill, Olson, and Henson, 1981b) , and was more thoroughly tested in the present study.
'"Perceptual" is used throughout this report as a shorthand for perceptual and cognitive.
METHOD Overall Design of the Study
The sequence of activities for the subjects was as follows: ( 1 ) re-training evaluation of perceptual skills.
( 2 ) Pre-training evaluation of in-traffic driving performance.
( 3 ) Perceptual training.
(4) Post-training evaluation of perceptual skills.
( 5 ) Post-training evaluation of in-traffic driving performance.
The pre-training perceptual evaluation was used also for selecting persons with perceptual deficits.
Therefore, while 28 subjects were tested in this phase, only eight were given the training and the post-training evaluations.
The original design was to give each subject two pretraining driving tests (separated by at least two days).
The assumption was that most of the spontaneous pre-training improvement (due to getting used to the car, the route, and the experimenters) would occur between the first and second tests. However, following testing of the first two subjects, a revised procedure was instituted. Specifically, if substantial improvement was observed between the first and second tests, additional tests were given until the performance appeared to have stabilizede2 21t proved to be the case that a third pre-training test was only given to one subject (see Table 4 ) .
Subjects
The criteria for selection of subjects were: ( 1 ) a history of acquired (as opposed to congenital) brain damage, ( 2 ) substantial perceptual deficits, ( 3 ) pre-injury driving experience, and ( 4 ) marked difficulty in relearning to drive.
Potential subjects were referred by professionals from a variety of rehabilitation settings. As noted earlier, eight subjects were included in the study; the others (of 28 persons screened) were not selected for a variety of reasons (primarily lack of evidence of perceptual impairment or presence of overriding visual problems).
Personal history data are summarized in Table 1 for all eight subjects. 
Perceptual Evaluation
The psychological testing was conducted individually in a small, quiet office. (Wechsler, 1955) had been found to be a good predictor of driving performance among persons with brain damage, and to be sensitive to brain damage (Sivak et al., 1981a) . The standard procedure was used for both tests. In the analyses the data from both tests were pooled.
Picture Arrangement (Wechsler Adult Intelligence ScaleRevised [Wechsler, 19811 [Wechsler, 19811) . In this construction test, the subject is given red and white blocks, four for easier items and nine for more difficult items. The task is to construct copies of designs presented on a paper in smaller scale.
Block
Design is thought to measure visuospatial organization, and is especially sensitive to right hemisphere brain damage (Lezak, 1976) . The standard procedure was used.
Symbol Digit Modalities Test (Smith, 1973) . The task in this test is to substitute a number for each geometric figure arranged in a randomized series, according to a key that pairs different figures with numbers from one to nine.
Since the language symbols (digits) are presumably processed primarily by the left hemisphere, and language-free symbols hemispheres" (Smith, 1973, p. 1 ) . This test has been shown to be sensitive to brain damage (e.g., Smith, 1968; Sivak et al., 1981a) . The standard procedure was used for both written and oral response administrations of the test. In the analyses the data from both the written and oral parts were pooled.
Trail Makinq Test (Reitan, 1966) . In form A , the numbers 1 through 25 appear in randomly distributed circles on the page. The subject's task is to draw connecting lines between the circles in numerical order (as in a "dot-to-dot" puzzle). In form B , the encircled numbers 1 through 13 and encircled letters A through L are randomly arranged on the page.
The subject is asked to connect the circles, alternating between numbers and letters as follows: 1 , A, 2, B, 3, C, etc. This test, which taps visual scanning and short-term memory, is sensitive to brain damage (Walsh, 1978 Digit Modalities Test has a theoretical maximum possible score. However, even for persons without brain damage, the 100th percentile score is less than 85% of the theoretical maximum (Centofanti, 1975) .
Consequently, this test can be conceptualized as not having an achievable maximum possible score. divided and undivided) and five-lanes wide (with a center turn lane). All driving was done during the daytime, Each subject drove a car equipped with a dual-brake system, hand controls for accelerator and brakes, and ( i f desired) a steering knob. A driver educator (in the front seat) and a performance evaluator (in the rear seat) accompanied each subject. The performance evaluator was charged with rating the performance of each subject on predetermined actions along the route. The rating was done using a 2-point scale: well executed and not well executed. Both straight and curved line patterns were used, As with the preceding tasks, if the subject had difficulty, the use of a finger to trace the lines was allowed.
Pattern Matchinq ("Scan" game). This task was based on "Scan," a commercially produced game (copyright 1970 by Parker Brothers). There are two sets of 23 cards in this game. On each card are four unique designs as follows:
(1) "Shape" -A polygon of irregular outline.
( 2 ) "Color" -Two concentric circles and a diamond on a square background; these four shapes are of four One set of cards was laid out in rows on the table in front of the subject. He or she was then given a card from the second deck and was to find the match for the specified design, while disregarding the remaining three designs on the card.
Design Construction and Analysis. The subject viewed a black and white geometric design similar but not identical to those of the Block Design test (Wechsler, 1981) . The task was to construct a matching design using an assortment of black, white, and black/white cardboard squares (see The following variations of the task difficulty were used to accommodate the subject's level of proficiency.
(1) Two sets of designs were available, the smaller ( 4 -square) designs being, in general, easier than the larger (9-square) designs. Some relatively proficient subjects practiced design construction using almost exclusively the 9-square designs; subjects who had a great deal of difficulty were given the $-square designs, ( 4 ) A multiple-choice version of the designs was used to aid subjects in part-by-part analysis and comprehension of the patterns. As depicted in Figure 4 , the subject viewed a design, a response grid, and the six possible candidates (A-F) for each square of the grid needed to match the design.
The subject was asked to point to or name which of the squares A-F was needed for each square of the grid; if incorrect, a second guess was allowed. I f the subject still failed to give the correct response, the transparent overlay was then put over the design. (This level of cueing always resulted in a correct response.
RESULTS

Perceptual Changes
The computed improvement (or decrement) scores for each test and each subject (according to the computational rules in Table 2 ) are presented in Table 3 Table 3 . .00
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Drivinq-Performance Chanqes Table 4 presents the pre-and post-training driving (CDI) scores for each subject. Table 5 ). The hypothesis that this change would not be significantly different from zero was supported by the result of the planned comparison (F -< 1 ) . Table 5 ). The hypothesis that there would be a significant increase from the pre-to post-training scores was supported by the result of the planned comparison (F -= 10.39, df = 1,14, 2 < ,011.
The above two comparisons are not independent. statistically not significant (F -< 1 1 , the second remained statistically significant (F -= 1 0 . 3 9 , E < .05).
Relation of Drivinq Improvement to Perceptual Improvement Figure 5 presents a scatter plot of the drivingperformance changes (ACDIS from Table 5 ) versus the corresponding perceptual changes (ACPIS from Table 3 ) for each of the eight subjects. The dashed line in Figure 5 is the best-fitting regression line. The product-moment correlation between the two variables is -r = . 7 3 , p < ,025
(one-tail test); 2 < .05 (two-tail test). Therefore, 53% of the variance of the driving-performance improvement is accounted for by the perceptual improvement ( r 2 -= .53). 
Driving performance of persons with brain damage is affected by their residual perceptual capabilities.
( 2 ) Perceptual skills are amenable to training which consists of simple paper-and-pencil activities. 
